Among the F1 larval progeny of an irradiated Drosophila melanogaster male of the Oregon-R stock and an untreated Oregon-R female, there appeared one individual whose salivary-gland chromosomes revealed a complex rearrangement involving at least 32 breaks. The positions of 30 points of breakage were determined; the others remain of uncertain location. Treatment of the father included exposure to 4000 roentgens of x-rays, followed by near infrared radiation for a period of 144 hours. Details of these experiments will be furnished in another publication; for the present it seems adequate to note that the induction of the breaks is in all probability attributable to the x-rays, since no chromosome rearrangement has been found among a long series of controls derived from fathers exposed only to the near infrared.
The breakage points, recorded below, that were utilized in this complex rearrangement have been determined within the limits of accuracy imposed by the few nuclei available for study. They are:
1B, 3C, 5D, 11F, 13E, 15F in the X-chromosome; 24D, 33E, 40, 41, 42C, 49F, 51E, 56B in the second chromosome;  64C, 70C, 76A, 84F, 85F, 86E, 87B, 91A, 93F, 96B, 96E, 98A, 98E, These sections include all of the essentially euchromatic portions of the chromosomes, except for the section 96B to 96E, which was not detected and which may be assumed to be missing. Only two of the breaks in the proximal heterochromatic regions could be determined with any degree of certainty; these were in 40 of 2L and in 41 of 2R. The parts separated by these two breaks maintained the constant pattern of recombination that is indicated above. In addition, at least two other breaks must have been produced in order to provide a complete set of chromosomes, each with a centromere, capable of surviving the many divisions leading to the formation of the fully developed larva. Such a viable complement could be realized if breaks had occurred also in divisions 80 and 81 to give the following sequences:
Tip of 3R to cm. of X (as detailed in (a) above) Tip X to cm. 2R (as in (b) 
On this interpretation the entire complex can be resolved into seven independent exchanges or groups of exchanges: four of them each involving two breakage points, one with four, and two others with ten points each.
They are the following: 93F/40; 96B/96E (deficiency); 24D/3C; 102/ 86E; 15F/91A/80/11 F; 98A/99D/99F/85F/5D/1B/41/13E/98E/84F; 87B/51E/81/49F/70C/33E/42C/56B/64C/76A.
Although this represents the simplest pattern of recombination, it does not appear on purely cytological grounds to be the most probable one, for the reason that the assumed sequences 80/91A, 80/llF and 81/51E, 81/49F have not been observed, as is usually possible in such cases (for example, the sequences related to the 40 and 41 breaks in the second chromosome). There are also some indications that certain of the ends bordering on the chromocenter, as those of sequencesf and g, are associated with material of VOL. 29, 1943 the nucleolus, and this suggests that the nucleolus-organizing region may have been transferred from the X-chromosome to the chromocenter of another chromosome. Under such conditions, the number of breaks involved would be increased to at least 34, of which as many as 26 might contribute to the formation of a single rearrangement, the remaining 8 pairing in twos. Whatever the actual pattern of recombination may be, the complexity of the rearrangement in itself merits consideration because of the light it sheds on problems of chromosome breakage and recombination.
Discussionn.-The most extensive derangement of Drosophila chromosomes previously observed in this laboratory involved 14 breaks. One reason why complex, multiple-break recombinations are encountered miuch less frequently than the simpler types is that zygotes receiving such altered chromlosomes depend for their survival on the chance union of several broken ends to form viable combinations, while the zygotes receiving acentric and dicentric chromosomes perish in the early divisions to provide the dominant lethals represented by unhatched eggs. Calculations made for the less complex rearrangements 1 2 indicate that with an increasing number of breaks the percentage of viable combinations decreases. Discovery of the rearrangement reported in the present paper has emphasized the need for determining the probability of such a viable combination. Calculations made to this end3 indicate that the chances for a balanced, viable reassociation of the segments separated by 32 breaks distributed among all the chromosomes are about one in thirty or forty. This frequency is high enouglh so that in itself it does not account for the failure to detect such changes in the ordinary quantitative experiment involving cytological inspection of several hundred pairs of glands. The fact that no other alterations of equal or greater complexity have come to light indicates that their appearance does not depend solely on chance recombination of fragments, but probably on factors limiting the production of rearrangements involving as many as 32 breaks. One such limiting factor is the number of regions of potential breakage immediately produced by the radiation; another is the chance that some potential breaks may undergo restitution. These questions have been discussed in a separate paper.3
Presumably, the points of potential breakage induced by the radiation that penetrates the nucleus are scattered at random along the chromosomes. Break frequency as revealed in the salivary-gland chromosomes has been found to be essentially at random; the breaks considered as a whole are distributed among the chromosomes in proportion to their lengths.1' 2 Since these findings are based on the analysis of a multitude of rearrangements, mostly with two breaks, the question remains whether the greater complexity of certain alignments might not be related to the accumulation of breaks within individual chromosomes or chromosome limbs. In the rearrangement here reported, a large proportion of the breaks was found in the right limb of the third chromosome. Considering only the 27 breaks in the essentially euchromatic regions of the longer chromosomes (excluding the proximal heterochromatic zones), the following distribution was found: 6 in the X, 2 in 2L, 4 in 2R, 3 in 3L, 12 in 3R. If random distribution of ionization and of regions of potential breakage is assumed, as seems entirely justifiable from available physical evidence, and if recombination were at random, the observed breaks should also be at random. However, the probability of securing the observed distribution lies between 0.02 and 0.05, using the x2 test as a measure of significance. On the basis of this low probability, the distribution of breaks in this highly complex case might be referable to some factors interfering with randomness of recombination.
As has been pointed out by Bauer, Demerec and Kaufmann,I break distribution among the chromosome limbs does not agree with expectation even for the simpler cases. In the two-break cases, a preponderance of inversions was found as compared with translocations, and this has been attributed, in general, to spatial relationships favoring recombination between adjacent regions. Likewise, among the three-break cases there was an excess over expectation of rearrangements with all the breaks in one limb (3), and a dearth of those with each break in a different limb (1: 1 : 1).
Bauer2 reports, however, that random distribution obtains in the fourbreak cases. Several complications preclude the application of reliable statistical tests to the high-break cases; they are few in number, and the proportion of expected viables in each group varies according to the number of chromosome limbs involved. Among slides examined by the writer there are 174 multiple-break cases distributed as follows: 98 with four breaks, 34 with 5 breaks, 22 with 6, 7 with 7, 7 with 8, 4 with 9, and 2 with 12 (breaks in the fourth chromosome are not included). Although this material does not lend itself to critical evaluation for the reasons given above, distribution of breaks in the 5-and 6-break cases does not appear to deviate widely from randomness. Casual inspection of the more complex rearrangements indicates a clumping of breaks; for example, one of the twelve-break cases had 8 breaks in one chromosome limb, and two in each of two others (8 : 2 : 2). The other had a 6 : 4 : 2 distribution. It should also be pointed out that, of the 76 rearrangements with five or more breaks, only two involve all five of the chromosome limbs. The overall impression gained from such a survey, although not conclusive, is that the breakage points detected in individual rearrangements (whether simple or complex) are not distributed at random among the chromosomes. In the light of this conclusion, some further consideration seems warranted concerning the mechanism whereby chromosomal rearrangements are produced. VOL. 29, 1943 GENETICS: U. FANO Summary.-Among the larval progeny of an irradiated Drosophila melanogaster male there appeared one female whose salivary-gland chromosomes showed extensive rearrangement that involved at least 32 points of breakage, and probably some others. The complexity.is worthy of note, since no rearrangement involving more than 14 breaks had previously been discovered in this laboratory. The breaks in this complex rearrangement are not distributed at random, but are aggregated particularly in the right limb of the third chromosome. Such non-random distribution, coupled with the fact of the occurrence of such a complex rearrangement, prompts further consideration of the factors involved in chromosome recombination.
1 Bauer, H., Demerec, M., and Kaufmann, B. P., Genetics, 23, 610-630 (1938 It has become progressively clear during recent years that the action of ionizing radiations on Drosophila sperm chromosomes develops through two fairly distinct stages, namely, "single-atom effects" and "combination effects."' Single-atom effects are individual alterations of the chromosomes, resulting in actual or potential breaks; and each of them arises from the activation (excitation or ionization) of a single atom during the treatment. According to physical information, atomic activations are produced at random and independently of each other throughout the chromosomal material and throughout the duration of the irradiation. The products of single-atom effects remain separate from one another during the spermatozoon stage. Combination effects occur after fertilization, when the previously produced single-atom effects become apparent, so that the broken ends derived at the different points of rupture can be shuffled and rejoined in new combinations.
It is generally recognized that the laws governing the single-atom effects are known in their essentials, although the corresponding mechanism of action is not. The laws governing the combination effects are less well known. The simplest hypothesis is that, following fertilization, broken
